Lactate dehydrogenase (LD; EC 1.1.1.27) is a tetramer made up of two subunits, M (type-5) and H (type-I). Various combinations of M and H form five LD isoenzymes. Analysis of these isoenzymes in biological fluids is important in the diagnosis of various diseases. Serum LD-I increases in myocardial infarction and haemolysis, while LD-5 rises in liver and skeletal muscle disease and in malignancy.' Normal urine, cerebrospinal fluid (CSF), plasma and amniotic fluid contain negligible amounts of LD-M while it is increased significantly in various pathological conditions.',2 Determination of the M : H ratio adds significantly to determination of the total L D activity and the individual isoenzymes, particularly in cancer.3 However, determination of the M : H ratio is often cumbersome and time consuming3 and may require expensive technologies, such as electrophoresis and densitometry. We describe a simple and specific nonelectrophoretic method for the estimation of apparent M : H ratio in biological fluids other than serum.
The method measures the relative activities of M and H isoenzymes eluted in the void volume of Sepharose gel in the presence of dextran blue (DB). It is based on the higher binding affinity of DB for LD-M as compared to LD-H.4 The DB-LD-M complex is separated from other LD isoenzymes by gel filtration. However, the separation is not complete since LD-M is almost absent in most biological f l~i d s~.~ and some binding of LD-H to DB occurs. We speculate that the amount of H isoenzyme in the DB fraction reflects the activity of H isoenzymes in the sample. Heating the DB fraction at 65°C for one hour destroys all LD-M' and the remaining activity is LD-H. This allows confirmation of the presence of LD-M in the DB fraction.
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METHODS
All reagents were purchased from Sigma (St Louis, MO, USA). LD-5 from rat liver and human muscle, LD-I from human erythrocytes and LD-X from goat testes were purified as described previ~usly.~ Normal urine samples were collected from men and women aged between 18 and 60 years. Fresh samples of urine, CSF, serum and amniotic fluid were taken from patients at The Aga Khan University Hospital (AKUH). All biological fluids were centrifuged for 10 min at 4000 rpm in a table top centrifuge. Supernatants were kept at 4°C and analysed within 3 days.
Patients' samples exhibiting increased levels of M isoenzymes were selected by polyacrylamide gel electrophoresis (PAGE) in glass tubes (Bio-Rad Laboratories Ltd, Hemel Hempstead, UK) according to the method described by Stenesh6 with some modifications. The upper and lower reservoir buffer was 5 mM tris (hydroxymethyl) aminomethane and 38 mM glycine, pH 8.3. We applied 50-100 pL sample on top of the gels and electrophoresis at 200 V was carried out at 4°C for 1 h. The LD isoenzymes were visualized by LD specific staining.j Sepharose-CL-6B gel (Pharmacia LKB Biotechnology, Uppsala, Sweden) was packed in a 17 cm x 0.5 cm column and equilibrated with 10 mM potassium phosphate buffer containing 0.02% sodium azide pH 8.5. One milligram DB was added to 1 mL sample, which was then applied to the column. One millilitre fractions were collected by Microfractionator (Gilson, Middleton, WI, USA) and the flow rate was controlled at about 40 mL/h by a Microperpex peristaltic pump (LKR, Uppsala, Sweden). A 500 pL aliquot was taken from the fraction with the maximum blue colour and the remainder was heated in a water bath at 65°C for 1 h.
To measure LD activity, we added 465 pL of DB fraction (heated or unheated) and 25 pL substrate buffer (12 mM sodium pyruvate and 1 M potassium phosphate, pH 7.5) to a 1 mL cuvette. After mixing, the cuvette was maintained at 30°C for about 10 min and the reaction was started by adding 10 pL of 0.9 mM reduced nicotinamide adenine dinucleotide (NADH). The rate was monitored at 340 nm in a DU70 spectrophotometer (Beckman Instruments, Brea, CA, USA) and the enzyme activity was calculated as previously de~cribed.~ Apparent M : H ratio was calculated as: Apparent M ' H ratio = Total LD in DB fraction ~ LD in DB fraction after heating LD in DB fraction after heating
RESULTS
In the presence of DB in the samples, LD-M coeluted with DB in the void volume while LD-H eluted later ( Fig. 1 ). We also added purified LD-5, LD-1 and LD-X to normal urine, CSF and amniotic fluid. In all cases only the LD-5 isoenzyme coeluted with DB. The mean LD-M activity in nine normal urine samples was 2.91 U/L (range 1 . 9 4 5 U/L) with a mean apparent M : H ratio of 0.73 (range 0.42-1.88). By adding various amounts of external LD-5, the M : H ratio could be increased in proportion to the LD-5 added. We have also analysed 16 urine and two CSF samples from patients where PAGE showed elevated levels of LD-4 and -5. All these samples showed higher pathological conditions' and various types of electrophoresis have been used to effect the separation. In clinical laboratories, the most common media are cellulose acetate membrane and agarose gel.'-* Due to the small sample volume required (2 pL) these methods cannot be used for samples with low LD activity such as urine, CSF and amniotic fluids. It is necessary either to concentrate the samples' or to modify the system. One such modified system is tube gel electrophoresis but this requires PAGE instead of agarose electrophoresis,2 which is more expensive and requires more expertise. However, it does permit the use of larger sample volumes (up to 100 pL) and is thus more suitable for samples having low L D activity. A problem which we have observed is that PAGE has difficulty in separating the LD isoenzymes in urine samples containing bile salts.
The apparent M : H ratio has been shown to be a useful diagnostic tool,' but the calculations for determining the actual M : H ratio are complicated and time-consuming.' Although our method does not measure the actual M : H ratio, as most of the H-isoenzyme elutes away from the M-isoenzyme (Fig. l) , it can detect elevated LD-M activity in various pathological conditions.
The proposed gel filtration method is simple to perform and can easily be used in small clinical laboratories and remote areas where electrophoresis systems are not available. Large sample volumes can be used, so it is suitable for fluids with low LD activity, although large volumes of urine cannot be used as such due to the presence of inhibitory molecules which interfere in activity determinations. Most of these molecules are low molecular weight (such as urea) and are removed from LD by gel filtration.' A drawback of the method is that albumin inhibits the binding of LD-M to DB and the method cannot yet be applied to serum, the matrix in which most of the clinical applications of LD-M determination have been studied. Urine samples with proteinuria are also not suitable for this method. We have tried bilirubin and potassium thiocyanate, which are known to block the binding of albumin to DB' but both compounds have also inhibited the LD. The search for a suitable binding inhibitor is continuing.
